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Abstract
Phenolic compounds with varying phenolic structures are present in both terrestrial and marine organisms. Artepillin
C (ARC) is a prenylated phenolic compound produced speciﬁcally in Brazilian green propolis. Earlier studies have
demonstrated the potential of ARC as a dietary supplement for cancer prevention due to its ability to suppress tumor
growth and metastasis. Here we report the development of an effective adsorption chromatography combined with
supercritical CO2 extraction for the massive puriﬁcation of ARC. A mixture of supercritical CO2 and ethanol extract of
Brazilian green propolis was passed through a stainless chromatographic column packed with protruding metals at 4000
psi and 50  C to remove wax from the column's base. ARC mixed with ﬂavonoids collected from the top of the column
was applied to another stainless column ﬁlled with silica gel under similar working conditions. After ﬂavonoids were
removed, strongly adsorbed ARC at the top portion of the column was collected by ethanol elution. The purity of ARC
isolated using this method was between 90% and 95%, as indicated by HPLC chromatograms. Puriﬁed ARC strongly
inhibited cancer cell division based on its cytotoxic effects on HCT116 human colon cancer cells, resulting in a significantly increased distribution of cells in the S phase. ARC also blocks the motility of HCT116 cells, indicating its ability
to suppress tumor metastasis. The developed chromatographic puriﬁcation protocol can be used to isolate prenylated
phenolic compounds from marine organisms.
Keywords: Artepillin C, Colon cancer, Propolis, Supercritical CO2

1. Introduction

P

henolic compounds with variable phenolic
structures are natural substances found in
various plants tissues, as well as in marine microalgae [1e3]. Artepillin C (ARC) is a prenylated derivative of p-coumaric acid which is one of the major

phenolic compounds in Brazilian green propolis
[4,5]. Propolis is a gum-like material containing
adhesive and resinous substances that honeybees
collect from the buds and bark of various plants to
seal the holes in honeycombs to prevent the entry of
intruders [6]. Because of the presence of bioactive
substances in propolis of various origins, propolis
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has long been used as a folk medicine to treat diseases such as diabetes, heart disease, and gastrointestinal disorders [7,8].
Further investigation has revealed that propolis
has anticancer properties [4,9], but different anticancer ingredients were isolated from propolis
collected from different areas. Caffeic acid (CA) is
the principal anticancer compound found in propolis harvested in the United States, Europe, and the
Far East, whereas ARC has been identiﬁed as the
anticancer compound in Brazilian green propolis
[4,5]. ARC was discovered to be more potent than
CA against the growth of A549 human lung cancer
cells, as indicated by a much lower IC50 for ARC
[10]. Studies have shown that ARC suppresses the
growth of human colon cancer cells by inducing cell
apoptosis and cell cycle arrest through the inhibition of a p21-activated kinase [5,11]. Oral administration of ARC to mice exposed to ferric
nitrilotriacetate (Fe-NTA) provided effective protection against Fe-NTA-induced renal lipid peroxidation and carcinogenesis [12], strongly supporting
the use of ARC as a dietary supplement for the
prevention of human cancer.
The ethanol extract of Brazilian green propolis
(EBGP) is currently present in health products sold
in countries such as Japan [13]. EBGP is regarded as
a good source for ARC puriﬁcation. Purifying ARC
from EBGP is a tedious process because raw propolis contains a large amount of wax and numerous
phenolic compounds collectively known as ﬂavonoids [6]. For the isolation and puriﬁcation of ARC
from Brazilian green propolis, various techniques
based on Sephadex LH-20 chromatography and
supercritical CO2 extraction (SFE) combined with
the use of organic solvents have been developed
[14,15]. Here we report a rapid, effective, and
nontoxic method for the massive puriﬁcation of
wax-free ARC from supercritical CO2-EBGP
through adsorption column chromatography.

2. Materials and methods
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298-93-1), and dimethyl sulfoxide (DMSO; CAS
number 67-68-5) were acquired from Sigma-Aldrich
Chemical Co., (St. Louis, MO, USA).
2.2. Preparation of the ethanol extract of propolis
The green propolis was cold-ground with mechanical stirring before being packed in plastic bags and
stored in a freezer at 20  C. One kilogram of Brazilian
green propolis was extracted with 10 L of 80% ethanol
in a sealed container and left to stand at room temperature for 24 h without agitation to yield ethanol
extract. The crude EBGP was obtained after impurities
such as organic debris were removed through centrifugation for 30 min at 1000  g at 25  C.
2.3. Adsorption chromatography of supercritical
CO2-ethanol extract
A continuous pilot-scale supercritical ﬂuid system
for the fractionation of extract, as described by Rizvi
et al. was used [17]. Supercritical CO2eethanol extracts of propolis (SEP) were produced by simultaneously applying supercritical CO2 at a ﬂow rate of
7 L/h and the ethanolic extract of propolis at a ﬂow
rate of 2 L/h to a continuous pilot-scale supercritical
ﬂuid system equipped with a 20 L column (Lian
Sheng Technology Co., TXG, ROC) at 4000 psi and
50  C. ARC and ﬂavonoids were adsorbed in this
1.3-m long stainless column with an interior diameter of 0.17 m packed with protruding metals.
Nonadsorbed wax was removed from SEP through
collection from the bottom of the column. ARC and
ﬂavonoids collected from the top of the ﬁrst column
were separated by passing them through an
adsorption column packed with silica gel
(0.04e0.063 mm). The ﬂavonoids were collected in
the ﬂowthrough after the adsorption column was
kept still for 2 h at 3000 psi and 50  C. However, the
SFE-puriﬁed ARC was obtained through ethanol
elution at 2000 psi and 50  C.
2.4. HPLC analysis

2.1. Materials and reagents
Green propolis is a product of the Brazilian state
of Minas Gerais, classiﬁed as group 12 [16]. Phosphoric acid (HPLC grade) and acetonitrile (HPLC
grade) were obtained from Merck Co. (Darmstadt,
Germany). A silica gel with a particle size of
230e400 mesh (60737, Sigma-Aldrich Chemical Co.,
St. Louis, MO, USA) was used. Standard 3,5diprenyl-4-hydroxicinnamic acid (ARC; CAS number 72944-19-5), 3-(4,5-dimethylthiazol-2-yl)-2,5
diphenyltetrazolium bromide (MTT; CAS number

The efﬁciency of ARC puriﬁcation was monitored
using the Agilent 1260 Inﬁnity HPLC system (Agilent Technologies, Santa Clara, CA, US), consisting
of a 1260 Quaternary Pump, 1260 diode array detector and Agilent Openlab Chemstation software.
The
column
Phenomenex
Luna®
RP18
(250  4.6 mm, 5 mm) was used at 25  C. The injection volume was 10 mL. Chromatographic separation
was completed in 90 min by using a linear gradient
composed of solution A (0.1% phosphoric acid) and
solution B (acetonitrile), starting with 80% solution
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Fig. 1. ARC puriﬁcation identiﬁed through mapping of HPLC chromatograms. The HPLC chromatograms generated using the crude ethanol extract of
propolis (black curve) and puriﬁed SFE ARC 1/100 diluent (red curve) were compared. The ARC retention time appeared at 62.5 min.

A and 20% solution B, and ending with 20% solution
A and 80% solution B. The ARC was used as an
external standard for peak identiﬁcation and quantiﬁcation, with detections monitored at 320 nm.

2.5. Wax test
To test the efﬁciency of wax removal during the
puriﬁcation process, 5 mL of propolis-ethanol

Fig. 2. Efﬁciency of ARC puriﬁcation monitored using HPLC equipped with a UV detector. The HPLC chromatograms of (A) the ethanol extract of
Brazilian green propolis, (B) the wax-free fraction enriched in ARC, and (C) the ethanol eluate of puriﬁed ARC.
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extract or the puriﬁed ARC in ethanol was added to
100 mL of water, and wax in each suspension was
collected through ﬁltration. The ﬁlter paper was
dried in an oven at 50  C for 6 h, and the amount of
wax that remained on the ﬁlter paper was weighed
using a four-digit analytical balance.
2.6. Cytotoxicity assay
The cytotoxic effect of puriﬁed ARC on human
colon cancer cell line HCT116 was evaluated using
an MTT-based colorimetric assay. The HCT116 cells
were harvested, counted, and seeded at 1  104 cells
per well in a 96-well plate for 24 h. The following
day, the cells were treated with various concentrations (0.25e1.0 mg/mL) of the sample and incubated
at 37  C with 5% CO2 for 48 h. Subsequently, 50 mL
of 0.5 mg/mL MTT reagent was added to each well
and incubated for 1 h. The solution was then
removed, and 100 mL of DMSO was added to each
well. The absorbance was measured using the
microplate reader (Inﬁnite 200 Pro, TECAN Instrument) at a test wavelength of 570 nm and a reference
wavelength of 620 nm. The results were analyzed as
the percentage proliferation of control cultures,
which were averaged to deﬁne 100%. The values are
presented as mean ± SD derived from three independent experiments.
2.7. Cell cycle analysis through ﬂow cytometry
The effects of ARC on the cell cycle distribution of
the human colon cancer cell line HCT116 were
examined using ﬂow cytometry to conﬁrm the
anticancer potential of ARC puriﬁed by adsorption
chromatography. In this study, cancer cells were
exposed to puriﬁed ARC for 0, 24, and 48 h (0 h
group as a control). The cells were harvested,
washed twice with pre-cold PBS, ﬁxed in ice-cold
75% ethanol overnight, suspended in PBS, and then
mixed for 10 min with propidium iodide. The distribution of the cell cycle for each exposure condition was determined through excitation at 532 nm
and emission at 590 nm with a ﬂow cytometer
(FACSVerse™, Becton Dickson).
2.8. Cell motility assay
The migratory behavior of HCT116 cells was
assayed through a wound-healing assay by using a
culture insert (ibidi GmbH, Martinsried, Germany)
according to the manufacturer's instructions. After
24 h, the culture insert was removed, leaving a cellfree gap (deﬁned “wound”) of approximately
500 mm. The migration rate into this “wound area”

was documented and measured after 0 and 24 h by
using a Leica microscope system (Leica DMI4000B,
Germany). To quantify cell migration, the movement was quantitated by measuring the uncovered
surface area in the control and SFE ARC group by
using ImageJ software, and the ratio of cell movement between untreated control and treated groups
was calculated.
2.9. Statistical analysis
This study's data were analyzed using GraphPad
Prism software (GraphPad Software, Inc., San
Diego, CA, USA). All data points present the
average of at least three independent experiments
and are expressed as the mean ± SD. The homogeneity of variance of each comparison group was
examined using a one-way analysis of variance
(ANOVA). An independent samples t test was used
for comparing two data sets (as indicated in the
legends). Generally, a difference was considered
signiﬁcant at *P < 0.05, **P < 0.01, and ***P < 0.001
(as indicated in the ﬁgures and legends).

3. Results and discussion
Mapping HPLC chromatograms generated by the
crude ethanol extract and the puriﬁed ARC fraction
revealed that adsorption chromatography efﬁciently
enriches ARC (indicated as SFE ARC in Fig. 1). To
quantify the amount of ARC after adsorption chromatography, a standard curve of ARC was established with increasing levels of ARC standard based
on optical density at a wavelength of 320 nm
detected using the HPLC quantitative analyzer.
Good linearity of the ARC standard curve was
achieved in the range of 1e1000 mg/mL, with a linear
coefﬁcient R2 of 0.999. From Fig. 1, a comparative
HPLC chromatogram overlaying the ARC retention
time that appeared at 62.5 min, where the concentration of SFE ARC was 228.1 mg/mL when analyzed
as a 1/100 diluent (red curve) and the ARC concentration in crude ethanol extract was only 94.9 mg/
mL (black curve).
The HPLC analysis using a UV detector revealed
that EBGP contained less than 15% ARC (Fig. 2A)
However, a stronger ARC absorption signal was
detected in the wax-free fraction collected from the
ﬁrst adsorption chromatography of supercritical
Table 1. Wax contents of propolis sample.
Samples

Wax (g)

Wax content
(%; w/w)

Propolis ethanol extraction
Propolis SFE ARC

0.1443 ± 0.0075
0.0127 ± 0.0014

28.87 ± 1.49
2.54 ± 0.28
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Fig. 3. Effect of SFE ARC on HCT116 cell viability. HCT116 cells were treated with varying concentrations of commercial ARC standard and SFE
ARC. The MTT assay was performed to measure cell viability. An independent samples t test was used for comparing two groups at varying concentrations (statistical signiﬁcance: *P < 0.05, **P < 0.01, and ***P < 0.001).

CO2-ethanol extracts, and less than 20% ARC was
detected in the wax-free fraction (Fig. 2B). The
HPLC chromatogram revealed an efﬁcient separation of ARC and other chemical compositions by
passing the wax-free fraction through an adsorption
column packed with silica gel, as ARC was the
predominant component present in the ethanol
eluate with a high purity of more than 90% because
fewer absorption peaks appeared in the chromatogram, indicating a qualitative and quantitative
enrichment of ARC (Fig. 2C).
The weight analysis of samples obtained from
three independent experiments revealed the presence of 0.1443 ± 0.0075 g wax in 5 mL of crude
ethanol extract and 0.0127 ± 0.0014 g wax in 5 mL of
SFE ARC fraction; the wax content decreased from

around 28% w/w in crude ethanol extract to
approximately 2.5% w/w (Table 1). The results
revealed a signiﬁcant difference in wax content between crude ethanol extract of propolis and SFE
ARC, with more than 90% wax removed during the
puriﬁcation process.
Rapid commercialization of Brazilian green
propolis as a health food has led to the development
of an analytical method for evaluating its quality.
ARC has been proposed as a good marker for
quality control of Brazilian green propolis based on
the speciﬁc presence of ARC in this propolis. HPLC
analyses of the extracts of Brazilian green propolis
and several Chinese propolis products have
conﬁrmed only a good match between commercial
ARC standard and ARC from Brazilian green

Fig. 4. Tumor-suppression potential of puriﬁed ARC detected using cell cycle analysis. (AeC) Cell cycle distribution and percentage of HCT116 cells
in the G0/G1, S, and G2/M phases. Percentages of each cell cycle phase were obtained from ﬂow cytometric analysis.

JOURNAL OF MARINE SCIENCE AND TECHNOLOGY 2022;30:260e267
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Fig. 5. Cell migration of SFE ARC-treated HCT116 cells. (A) Representative photomicrographs of a cell migration assay. HCT116 cells were treated
with SFE ARC in culture media containing 10% FBS for the cell migration assay with 100  magniﬁcation. (B) Quantitative analysis of cell
migration. Cell migration was quantiﬁed by calculating the ratio of cells that moved a distance within the wound space. Signiﬁcance was measured
using an independent samples t test (*P < 0.05, **P < 0.01, and ***P < 0.001).

propolis in terms of elution time [18]. Hence, quality
control of propolis origin by HPLC is mandatory
before the extraction and puriﬁcation of ARC.

Because abnormal cell proliferation is a typical
characteristic of cells that have undergone a malignant transformation, the effect of SFE ARC on the
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proliferation of HCT116 colon cancer cells was
examined to determine the tumor-suppressing efﬁcacy of puriﬁed ARC fraction. The MTT cell viability
assay demonstrated that both commercial ARC
standard and SFE ARC (all of which contained
20e200 mM of ARC) exhibited a signiﬁcant growth
inhibitory effect on HCT116 cells in a dose-dependent manner after a 48-h exposure (Fig. 3).
Furthermore, SFE ARC at various concentrations
displayed considerably better cancer-killing efﬁcacy
compared with commercial ARC at the same concentrations, strongly suggesting a much better
bioavailability of SFE ARC.
To elucidate the mechanism of SFE ARC-induced
cancer cell cytotoxicity, ﬂow cytometry was used for a
comparative analysis of the HCT116 cell cycle after 24
and 48 h of exposure. After 24 and 48 h of treatment,
ﬂow cytometric analysis revealed that puriﬁed ARC
induced a signiﬁcant increase in the HCT116 cell
population in the S phase (P < 0.05) with a concomitant reduction in the G0/G1 phase and G2/M phase of
HCT116 cells (Fig. 4). A previous study on the effect of
commercial ARC on the cell cycle distribution of
HCT116 cells revealed a signiﬁcant increase in the
percentage of cells in the G0/G1 phase accompanied
by a simultaneous signiﬁcant reduction in the percentage of cells in the S-phase. The observed increase
of S-phase cells after SFE ARC treatment of
HCT116 cells indicated that puriﬁed ARC suppressed
HCT116 cell proliferation by arresting the cell cycle at
the S phase. Although the cell cycle arrest pattern of
SFE ARC differed from that of commercial ARC [11],
the progression of the cancer cell cycle was disturbed
by SFE ARC because of the signiﬁcant accumulation
of S phase cells, resulting in a dramatic decrease of
cells entering G2/M phase.
Wound healing is an efﬁcient indicator of the effect of cell motility on tumorigenicity and metastasis
of cancer cells. To investigate whether SFE ARC
could inhibit the metastasis of colon cells, we
examined the effect of puriﬁed ARC on cell motility
by using the wound-healing assay. As shown in
Fig. 5A, puriﬁed-ARC-pretreated HCT116 cells
exhibited
signiﬁcantly
attenuated
mobility
compared with control groups after 24 h. The
investigation of HCT116 cells migration indicated
that puriﬁed ARC could effectively inhibit the
migration of HCT116 cells. The migration rate was
determined by the ratio of cells’ moving distance.
As shown in Fig. 5B, the ratio of migration distance
of the cells treated with puriﬁed ARC fraction was
signiﬁcantly less than that of the untreated group,
decreasing from 54.08% (Control) to 14.23% (SFE
ARC), which is consistent with the results of the
wound healing assay.

Previous studies have demonstrated that pure
CO2 with a co-solvent is capable of signiﬁcantly
improving the extraction efﬁciency of phenolic
compounds [19,20]. Lee et al. (2007) obtained highpurity ARC by using a mixed mobile solution of nhexane and ethyl acetate from Silica-gel 60 column
after wax removal through a wash with n-hexane
[15]. Chen et al. (2009) reported the recovery of ARC
by using a supercritical CO2 antisolvent extraction
process [21]. In the present study, wax was separated from propolis extract through supercritical
ﬂuid column chromatography, thereby preventing
the loss of ARC during the wax-removing process of
n-hexane washing. Besides avoiding the use of toxic
organic solvent, a high yield of ARC with 90% purity
was obtained using a supercritical ﬂuid system
combined with two series of chromatography
described in this study. The bioassay experiments
conﬁrmed that SFE ARC strongly inhibited the
growth and motility of human colon cancer cells
without the risk of cytotoxicity from residual organic
solvents. Therefore, the developed method is a costeffective, recyclable, practical, and safe process.
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